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Table 1- Name and origin of the studied rapeseed cultivars
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Figure 1- The mean of minimum, maximum temperature and daily rainfall of Shirvan in crop growth period
a) 2014-2015 and b) 2015-2016
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Table 2- Combined analysis of important phonological stages of different canola cultivars in 2014-2015 and 2015-2016.

Em: day to emergence, SHO: day to elongation, SFL: day to flowering, EFL: day to end of flowering,
SF: day to grain filling, PM: day to physiological maturity

(MS) &l yo ike

(Year) Ju 1 68.90" 1775.35" 602.92" 9.95™ 142.99™ 4453.93"

(Error) s 6 1.40 3.50 6.85 3.71 5.05 4.27
(Cultivar) 43, 19 15.45™ 737.14" 625.74" 558.04" 617.75" 453.93™

(CultivarxYear) Juxes, 19 0.41"™ 29.45™ 41677 76.18™ 71.06™ 51.04™
(Error) s 114 0.45 3.32 3.01 3.64 2.61 2.47
CV (%)
11.3 1.0 0.9 0.9 0.7 0.6

(s <o)
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Table 3- Mean comparison of important phonological stages of different canola cultivars in 2013-2014.Em: day to emergence,

SHO: day to elongation, SFL: day to flowering, EFL: day to end of flowering, SF: day to seed filling,
PM: day to physiological maturity

(Cultivars) o1, EM SHO SFL EFL SF PM
Licord 8.75° 189.00° 197.25° 227.50% 225.75" 256.25"
Bilbao 8.50° 193.00° 200.75% 236.50° 230.75° 260.75°

GKH-305 4.25" 184.00° 190.25¢ 219.50' 211.25" 246.50%
SIm046 5.75° 186.50° 196.75° 227.50% 219.50°% 251.50%
(Sarigol) Js sl 7.00° 160.00" 178.00% 203.754 202.00/ 238.25'
(Talayee) Mo 450" 167.75¢ 181.25° 207.50’ 207.25" 244,50
L72 4.50¢ 184.50° 192.00¢ 223.50%" 230.25° 255.75°
Sw102 4.25" 184.25° 191.00¢ 226.00°" 222.50% 252.75%%
(Shirali) Ji,ws 4.50° 161.50" 177.00° 201.50' 197.75 236.75!
(Zafar) ,il 5.00% 160.00" 176.75° 203.754 202.25! 239.00
GKH-1103 450" 183.75° 191.25¢ 222.50%" 209.25" 245.50%"
Opera 4.75" 190.25%¢ 197.75° 229.75% 215.25¢ 247.75'
(Zarfam)ls,; 4.50° 167.509 180.50°f 206.50% 196.00% 234.25%

(Karaje 3) ¥ z,5 4.50° 182.25 190.25¢ 221.50" 214,759 252.00%%
Kodiak 5.00% 190.25%¢ 198.50%° 231.50™ 220.25% 253.50%
Okapi 4.50¢ 190.25%¢ 201.25° 226.75% 216.25° 250.75°

(Karaje 1)\ ¢ 5 4.75° 184.50° 192.00¢ 220.75" 211.25" 243.75'

Modena 7.25 191.25% 199.00%* 225.00°1 222.75% 251.75%
GKH-2005 450" 187.75% 198.00™ 232.25™ 217.25% 254.00%

Traviata 4.25" 190.50%¢ 198.50%° 233.00° 223.50™ 257.25°
(Mean) ;Lo 5.27 181.45 191.38 221.32 214.45 247.12

LSDg.0s 0.84 3.05 2.96 3.04 2.77 2.07
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Table 4- Mean comparison of important phonological stages of different canola cultivars in 2014-2015.Em: day to emergence,

SHO: day to elongation, SFL: day to flowering, EFL: day to end of flowering, SF: day to seed filling,
PM: day to physiological maturity

(Cultivars) 8, EM SHO SFL EFL SF PM
Licord 9.50% 179.75 199.75° 224.00% 222,250t 266.502°
Bilbao 9.75° 184.00° 210.33° 235.33% 225.00% 267.66%°

GKH-305 6.50° 180.25° 200.50° 223.009" 221.00% 264.50%
SIm046 8.25° 176.25¢ 198.00¢ 221759 218.75" 261.509
(Sarigol) Js ¢, 8.25" 158.75" 176.75" 210.50% 200.25 244,00
(Talayee) 4L 5.50% 168.75 185.00¢ 211.25% 206.75! 249.50'
L72 5.75% 174.25% 198.75% 228.25" 219.75%" 261.509
Sw102 5.25¢ 173.50° 193.00° 221.50M 218.00" 260.25%"
(Shirali) I, 5.50% 159.00" 176.25" 209.75% 201.50 244,00
(Zafar) ,ib 6.25% 157.75" 176.25" 209.75% 200.25% 244.001
GKH-1103 6.50° 181.25° 205.50° 226.00%¢% 220.75% 264.00°
Opera 6.00% 181.25° 201.00° 223.50%" 221.25°%% 265.25%%
(Zarfam) pbs,; 5.50% 165.00° 186.75' 221.00M 205.50! 250.00'

(Karaje 3)v ¢,5 5.50% 173.75° 201.00° 225,254 223.75™ 266.75%°
Kodiak 6.25% 180.25° 194.50° 223,755 221.50°%% 265.75%
Okapi 5.50% 181.00° 204.25° 225.00% 226.75° 268.25°

(Karaje 1)y ¢,5 6.00% 176.00¢ 196.75¢ 220.50! 215.25' 258.75"
Modena 8.25° 181.00° 205.25° 227.25"4 223.00% 262.00™

GKH-2005 5.75% 178.25° 198.00¢ 222,259 221.75%f 265.00%%
Traviata 6.00% 181.00° 201.25¢ 227.50 22350 265.50%
(Mean) ;Sbe 6.58 174.43 195.25 221.85 215.08 258.34
LSDg 05 1.04 1.95 1.84 2.39 1.78 1.85
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Figure 3- Cluster analysis of yield of different canola cultivars by method of average distance in 2014-2015 and 2015-2016
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Figure 4- Trend of changes of leaf area index against day after planting in different varieties of canola in 2014-2015
(a) and 2015- 2016 (b)
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Table 5- Estimated logistic model coefficients of (equation 1) leaf area index against day after planting in different varieties of
canola in 2014-2015 and 2015-2016 (a, b and ¢ are equation coefficients,
LAl is maximum leaf area, T,,,, is days to maximum LAI)

(Cuflii/ar) n axSE c+SE LAImax T max R2

Growing Bilbao 9 0.070+0.011  213.9+2.89  358.3+44.00 6.27 216 0.95
season Jsesbe 9 0.060+0.009  204.243.12  366.7+45.12 5.50 204 0.96

93-94 Y s 9 0.070+0.011  211.0+#3.19  312.9+41.49 5.46 208 0.95

Growing Bilbao 9 0.063+0.005  214.1+1.85  330.1+23.53 5.22 214 0.98
season Jsesle 9 0.086+0.013  210.9+2.36  196.7+24.35 4.25 202 0.95

94-95 Y s 9 0.060+0.006  208.1+2.06  294.2+23.02 4.42 210 0.98
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Figure 5- Figure 3- Trend of changes of cumulative dry matter against day after planting in different varieties of canola in
2014-2015 (a) and 2015- 2016 (b)
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Table 6- Estimated logistic model coefficients of (equation 2) dry matter against day after planting in different varieties of

canola in 2014-2015 (DM,,,,, is maximum dry matter, a is equation coefficient,
b is time requiring to achieve 50% of maximum dry matter)

~)

+ + + 2

(Cultivar) n dmmax£SE a+SE bxSE R
Growing Bilbao 9 2037.7+£134.8 0.063+0.010 207.3£3.22 0.99
season 93- Sl 9 1692.3+58.87 0.074+0.009  193.3+1.67 0.99
94 YzS 9 1966.9+136.3 0.069+0.013  202.2+3.16 0.99
Growing Bilbao 9 1789.4+134.6 0.046+£0.006  208.9+4.43 0.99
season 94- B 9 1455.6£56.97 0.059+0.007 196.6+2.17 0.99
95 YesS 9 1577.4+190.6 0.043+0.008 210.2+7.40 0.99
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Figure 6- Trend of changes of crop growth rate (CGR) against days after planting in different varieties of
canola in 2014-2015 (a) and 2015-2016 (b)
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Figure 7- Trend of changes of relative growth rate (RGR) against days after planting in different varieties
of canola in 2014-2015 (a) and 2015-2016 (b)
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Figure 8- Trend of changes intercepted radiation (%) against leaf area index in 2014-2015 (a) and 2015-2016 (b)
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Table 6- Estimated extinction coefficients (Kp,gr) (equation 3) in different varieties of canola in 2014-2015 and 2015-2016

Growing season of 2014-2015

Growing season of 2015-2016

Cultivar n KpartSE R? n KpartSE R®
Licord 20 0.02+0.70 0.99 20 0.03+0.71 0.99
Bilbao 20 0.01+0.71 0.99 15 0.02+0.71 0.99

GKH305 19 0.02+0.72 0.99 20 0.04+0.75 0.99
SIm046 20 0.01+0.70 0.99 20 0.02+0.74 0.99
Sarigol 19 0.02+0.77 0.99 20 0.03+0.76 0.99

Talayee 20 0.02+0.74 0.99 20 0.02+0.72 0.99

L72 20 0.02+0.67 0.99 20 0.02+0.70 0.99

Swl02 20 0.03+0.70 0.99 20 0.03+0.75 0.99
Shirali 20 0.02+0.65 0.99 20 0.05+0.70 0.99
Zafar 20 0.02+0.77 0.99 20 0.04+0.80 0.99

GKH1103 20 0.01+0.67 0.99 20 0.03+0.64 0.99
Opera 20 0.01+0.72 0.99 20 0.02+0.68 0.99

Zarfam 19 0.01+0.66 0.99 20 0.03+0.72 0.99

Karaje 3 20 0.01+0.67 0.99 20 0.02+0.63 0.99
Kodiak 19 0.03+0.72 0.99 20 0.02+0.71 0.99
Okapi 20 0.01+0.66 0.99 20 0.03+0.76 0.99

Karaje 1 20 0.01+0.70 0.99 20 0.04+0.78 0.99

Modena 20 0.03+0.76 0.99 20 0.03+0.76 0.99

GKH2005 20 0.02+0.76 0.99 20 0.02+0.78 0.99

Traviata 20 0.03+0.72 0.99 20 0.03+0.68 0.99

mean - 0.70 - - 0.72 -
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Table 7- Linear equation coefficients (y=a+bx) of fitted for cumulative dry matter (gr.m) against cumulative intercepted
radiation (MJ.m™>.d") in different varieties in 2014-2015 and 2015-2016

Growing season of 2014-2015

Growing season of 2015-2016

Cultivar a+SE RUE+SE R? a+SE RUE+SE R?
Licord 404.68+-2100.11 0.50+3.93 0.89 165.03+-1211.16 0.32+4.12 0.96
Bilbao 287.64+-902.90 0.52+4.08 0.89 118.98+-1287.38 0.19+3.71 0.97

GKH305 430.74+-1917.2 0.52+3.90 0.88 162.36+-1288.48 0.27+3.55 0.96
SIm046 384.66+-1265.21 0.59+3.82 0.85 131.29+-996.21 0.23+3.28 0.97
Sarigol 408.07+-1244.69 0.49+3.01 0.84 242.78+-1129.67 0.36+3.07 0.92
Talayee 414.56+-1254.63 0.51+3.03 0.83 240.94+-1214.08 0.44+3.40 0.90

L72 299.31+-1105.62 0.50+3.86 0.89 101.40+-1046.96 0.18+3.49 0.98
Sw102 287.87+-1130.65 0.50+3.90 0.89 250.57+-1934.84 0.35+£3.94 0.95
Shirali 434.42+-1226.97 0.54+3.14 0.89 263.09+-747.59 0.55+3.51 0.86
Zafar 564.84+-1431.67 0.65+3.25 0.77 155.80+-1069.74 0.30+3.52 0.95

GKH1103 448.61+-1349.12 0.67+3.98 0.85 108.72+-1136.84 0.18+3.41 0.98
Opera 307.13+-1567.90 0.43+3.82 0.92 186.63+-932.96 0.35+3.29 0.93
Zarfam 502.50+-1716.86 0.55+3.31 0.83 352.99+-1127.18 0.54+3.27 0.83

Karaje 3 342.17+-1422.06 0.47+3.68 0.91 163.67+-1373.98 0.26+3.64 0.98
Kodiak 431.55+-1471.64 0.52+3.26 0.86 132.10+-1230.59 0.25+3.98 0.97
Okapi 341.55+-2025.89 0.42+3.79 0.93 177.14+-1326.07 0.31+3.84 0.97
Karajel 404.82+-2010.43 0.48+3.92 0.91 86.39+-720.24 0.22+3.55 0.98
Modena 370.31+-1198.03 0.60+3.91 0.87 128.59+-768.61 0.28+3.16 0.95

GKH2005 284.70+-1123.54 0.50+3.92 0.90 112.66+-626.62 0.34+3.94 0.95

Traviata 279.44+-1544.19 0.42+3.98 0.93 152.06+-831.37 0.33+3.88 0.95
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Figure 9-Linear regression fitted for cumulative dry matter against cumulative intercepted radiation in
different varieties of canola in 2014-2015 (a) and 2015-2016 (b)
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Table 8- Correlation coefficients among investigated characteristics in different canola cultivars

Cdo 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Y 1

BY 0.81" 1

PN 0.78" 0517 1

SN 0.64™ 065" 053" 1

SW 040" 0.23® 0427  0.02" 1

HI 079"  0.29™ 074" 037" 0407 1

EM -0.09™ -0.01™ -0.13™ -0.26™ 028"  -0.13" 1

Ssho 050" 0427 033" 047" 012" 035" 0.02% 1

FIL 066™ 046" 0817 0457 031" 059 -0.24™ 0.09™ 1

DLAln 0317 023" 016™ 029™  013™ 023° 016™ 0777  0.02" 1

LAl 0537 0637 029" 0547 -0.13™ 022 -0.25™ 0.23° 029"  -0.09™ 1

K -0.12™  -0.17® -0.17® -0.27® -0.003" -0.02" 0.23® -0.24™  0.03™ -0.01" -0.41" 1

RUE 045" 035" 0357 0457  0.27" 037"  -0.02™ 0.70"  0.24™ 0.68" 0.09™ -0.12" 1

H 063" 068" 047" 068" -0.06™® 033 -0.37" 045" 0.042™ 0.28™ 082" 033 -034 1
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Figure 10- Mean comparison of different cultivars of canola in 2014-2015 and 2015-2016 growing seasons
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Introduction: Canola (Brassica napus L.) is one of the most important oil crops in the world. It has placed in
third rank after soybean and palm and has the fastest of growth rate among oil seed in recent decades too. Canola
yield was 1592 and 1567 kg.ha™ in Iran and the world in 2003, respectively, however it has increased to 2125
and 2043 kg.ha™ in Iran and the world in 2014, respectively. Crop physiologist should investigate the important
physiological parameters which in the past have increased yield and can help to increase the quality and quantity
of crop vyield in the future. Therefore, the current study was carried out to evaluate the physiological traits
associated with canola (Brassica napus L.) genotypes yield improvement.

Materials and Methods: Experiment was conducted as randomized complete block design with four
replications at Higher Education Complex of Shirvan during growing seasons 2014-2015 and 2015-2016.
Treatments were included 20 cultivars and lines of rapeseed. The record of phonological stages was done based
on Sylvester-Bradley (1984)’s method. Before the plants showed elongation. Aboveground biomass and leaf area
index (LAI) were measured from destructive sampling and it has been continuing at intervals of 6 to 10 d until
physiological maturity. The ratio intercepted photosynthetic active radiation (PAR) was obtained by measuring
of radiation at the top and bottom of the canopy with a Ceptometer (ACCUPAR model LP-80). Light was
measured just before each destructive sampling between the hours of 12 to 14 on clear days. To calculate the
daily cumulative solar active radiation we used RLY- calc program (Soltani, 2011). In order to investigation of
growth indices, we have divided the varieties to three group based on cluster analysis and is select a variety as
group representative. The groups are included high yield (Bilbao), medium yield (Karaje 3) and low yield
(Sarigol).

Results and Discussion: Results indicated that there were significant differences among studied varieties in
terms of phenological traits. So that Sarigol, Talayee, Shirali, Zafar and Zarfam were achieved earlier than others
to physiological maturity. Positive and significant correlation of flowering duration with yield and the number of
pod plant™ has showed its importance in determination of yield. Positive and significant correlation among
flowering duration with yield (r=0.66"") and the number of pod per plant (r=0.88"") showed its importance in
determination of yield. Also, the most important of stage at making yield was affected by environmental
conditions such as temperature, radiation and rainfall. LAI for Bilbao was higher than Sarigol and Karaje 3.
Also, Sarigol was achieved maximum LAI earlier than two other varieties. There was strong correlation between
yield and maximum dry matter accumulation (r=0.81**). The synchronization of maximum LAI with more solar
radiation was much more important to achieve maximum yield. In the first year of experiment, crop growth rate
(CGR) and relative growth rate (RGR) were higher than second. There was more solar radiation in first year that
it was increased growth indices. The average extinction coefficient of light (KPAR) is estimated 0.70 and 0.72 in
the first and second year of experiment respectively. In the first year of experiment, KPAR was varied between
0.65 (Shirali) to 0.76 (Modena and GKH-2005). In the second year, the highest and lowest extinction coefficient
was belonged to the varieties Zafar (0.80) and Karaje 3 (0.63) respectively. The average of radiation use
efficiency (RUE) is estimated between 3.8 and 3.6g MJ.m in the first and second year respectively. Reducing
light use efficiency in the second year can be probably because of obvious difference of weather between two
years especially decreased of radiation. In other words, more scattered radiation in the second year than first year
can be a major reason for this difference. In general, grain yield in the first was more than the second year of the
experiment. The average yield of cultivars in the first and second year was 453.8 g.m? and 401.8 g.m?
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respectively. The highest yield in the first year belonged for Bilbao, Kodiak, SW102, GKH-305 and Traviata
with the mean 495.5 g.m and the lowest yield related to Zarfam, Sarigol, Talaei, Shiraly and Modena with the
average amount of 370.5 g.m™2 The highest yield in the second year belonged to Bilbao, GKH-305, SIm046,
L72, SW102, Kodiak and Traviata with the average amount of 450.3 g.m? and the lowest yield belonged to
cultivars Talayeh, Opera, Karaj 3, Okapi, Modena, GKH-2005 and Karaj 1 with an average yield of 349.7 g.m™.
In general, cultivars with a higher LAI, as well as whose their maximum LAl coincided with higher radiation
input had higher yield.

Conclusions: It can be concluded the importance of the synchronization maximum leaf area index with more
solar radiation. For canola if the maximum LAl is less than four can say that growth and yield will be limited
due to lack of leaf area because LAI about four is sufficient to obtain about 90 % of solar radiation. Therefore in
spite of second year, in the first year LAI was not limiting factor to achieve maximum biomass. Since maximum
LAl of canola occurs in flowering stage, so higher leaf area index at this time was caused the cultivars use more
solar radiation. In addition to maximum LAI, the coincidence maximum LAI with higher radiation input was
important factor to achieve a higher yield as a result more dry matter accumulation.

Keywords: Extinction coefficient, Leaf area index, Phonological characteristics, Radiation use efficiency



